Background: Bipolar disorder (BD) is characterized by mood fluctuations, which are often recognized late by those who are affected. Symptom monitoring via smartphone seems to be an inexpensive and feasible method to detect these fluctuations earlier. The aim of an application (app) for smartphones is to record individual activity patterns (e.g. physical activity, sleep-wake rhythm, digital communication) as characteristic for mood swings in individuals with BD.
Introduction

Bipolar disorder
Bipolar affective disorder (BD), is a chronic mental disorder, which often presents a major challenge for those affected, their relatives and the entire health care system. The burden of this disease is mainly due to the characteristic recurrent mood fluctuations (depressive and manic episodes). The occurrence of physical and mental comorbidities and cognitive deficits increase the risk of incapacity to work even more and can increase premature mortality. On a socioeconomic level, the costs for the health care system, through a high number of disability and hospital stays, are tremendous [1] . In both, (hypo)manic and depressive episodes, there are alterations in mood and energy level. However, course and severity of each affective episode vary a lot between individuals with BD [2] . An intact support system of relatives, friends, physicians and therapists is essential for a favourable influence on the development of the disease [3] . A higher number of depressive or manic episodes are associated with a greater likelihood that an individual will not return to a premorbid level of functioning [4] . Every episode, both depressive as well as (hypo)manic episodes lead to a decline of cognitive function and reduced work ability, which is resulting in an all in all worse course of illness [5] . Therefore, a special emphasis is placed on the continuous monitoring and educating of those affected and their relatives, so that they can recognize mood symptoms early and apply appropriate coping strategies.
Furthermore, it has a positive effect on the course of an affective episode if it is detected as early as possible and treated by a combination of psychopharmaceuticals and psychotherapy [6] . In many cases, individuals with BD recognize the beginning of an episode too late to counteract adequately. Early warning signs often manifest in a change in activity behavior, sleep-wake rhythm and communication behavior. The individual extent of physical activity as well as the change in activity could indicate an early stage depressive or manic episode. Increased activity plays an important role as an early symptom of manic phases and reduced activity as an early warning symptom of depressive phases. Moreover, sleep disturbances (problems in falling asleep, sleeping interruptions, too much sleep or insomnia) could be interpreted as a warning sign of depressive as well as (hypo)manic episodes [7] . Disturbances of the sleep-wake rhythm, in turn, can complicate the course of the episode.
To date, the current possibilities in the treatment of BD in the western world allow regular outpatient and inpatient appointments. However, one challenge is recording behavioral patterns timely. Usually, symptoms are recorded retrospectively by personal interview or questionnaires. Therefore, it would be desirable to assess behavior patterns more directly, precisely, individually and more accurate. In the research of etiology and course of the disease it is necessary to obtain valid, objective data on behavioral patterns as well as to monitor data over a longer period of time. Thus, current possibilities seem not valid enough for follow-up studies as well as for the clinical setting.
E-health
In recent years, there have been major developments in technology in the western world. In 2017, more than 3.58 billion had access to the internet and the number should rise to 4.1 billion in 2021. In 2016, more than 51.5 percent of all households worldwide and around 84 percent in Europe had access to the internet [8] . Internet-enabled mobile phones (smartphones) are the major form of digital communication for a great number of people. This fact opens up new possibilities in the research and treatment of diseases. Electronic health (e-health) is easily accessible for everyone, inexpensive, time-efficient and strengthens autonomy [9] . One major field of e-mental health is the technology of applications (apps) for smartphones (mobile health: m-health; [10] . According to the Federal Statistical Offices, in 2018 about 52 million of over-ten-year-olds in Germany had a smartphone. In Austria between 65.7 (over 65 year olds) and 98.1 percent (16 to 24-year-olds) used their own smartphone for internet access [11, 12] . As many people almost always carry their mobile phone with them, data collection via phones provides an opportunity for continuous recording.
Bauer et al. [13] showed that individuals with BD often use the internet to inform themselves about their disease.
Numerous e-health products have been developed in order to provide support in the form of screening, monitoring and therapy. Most of the products for BD treatment provide psychoeducational content with diverse outcomes concerning efficacy [14] . Another possibility underlying e-health arises from the individual entry of symptoms, emotional condition or behavior by the users. With frequent use, individuals have a retrospective overview. Even the knowledge about positive and negative patterns could lead to changes and therefore improve the self-management.
Apps can record and process behaviors related to WIFI, accelerometer, global positioning system (GPS), exercise, physical activity, sleep, work and vacation time, phone calls, and digital communications. Most of the data is collected by objective sensors measuring continuously. Instant interpretation and statistical analysis of data can be performed by the app system. This, in turn, can lead to more personalized diagnostics and interventions.
E-health and mental disorders
In the last few years, there has been an explosion of new e-health products with free or chargeable access. There is evidence that e-health in general and apps in particular are effective, feasible and accepted by individuals with mental disorders. By increasing the elevation of self-management activities, depressive symptoms can be reduced [15] . Palmius and colleagues [16] found in a study using mobile phones an association between geographic movements and depressive symptoms in a cohort of individuals with BD. A recent survey found that health care professionals' attitudes towards using apps in clinical practice are quite positive. However, the knowledge of technology as well as products and consequently the use in their daily clinical practice differed a lot [15] .
We hypothesize that an app that could reliably measure behavior patterns as well as behavioral changes as a result of altered mood, could be a valuable technical support tool in the treatment of BD. Changes in mood, in symptoms, and behavior could be detected more quickly and individually. The access to feedback of these changes could lead to early recognition of warning signs and faster reactions of the users and could therefore increase self-efficacy. It seems likely that innovative products could bring an advantage as an add-on or self-contained therapy. Moreover, it would be an asset to medical research if individuals with BD brought structured data format of their symptoms to their physicians' appointments, which could be used for further improvement of understanding and treating BD. In the past, physicians and therapists have had to rely on subjective, retrospective information. Even though it is unlikely that e-mental health products will replace medical and therapeutic treatments, treatment teams and scientists have to evaluate to what extent e-mental health could be a good supporting tool in BD.
Study-aim
Due to the technological developments of the last decade, the use of an app, could easily be integrated into everyday life with little additional effort for the user. As a cooperation between medical professionals of the special unit for BD of the Medical University Graz in Austria and the company meemo-tec OG, the smartphone app UP! was developed. It collects continuous data about mood, movement, exercise, sleep duration and intensity of digital communication via GPS and sensors. For this purpose the sleep duration is measured by light and motion sensors of the mobile phone. Acceleration sensors and GPS data acquisition allow a calculation of the physical activity. In addition, the current mood situation is assessed daily.
We aim to investigate whether an app can be a modern, appropriate assistance system for a self-determined life for individuals with BD. The main aim is to assess the app's validity in comparison to a clinical psychiatric interview, validated questionnaires and a fitness tracker to detect manic or depressed episodes. The second aim is to determine whether changes in behavior patterns, measured with UP! coincide with reported early warning symptoms, thus enabling a timely intervention. The third aim is the evaluation of users' acceptance.
Methods
Setting and participants
This pilot validation study will include 24 individuals with BD and 24 healthy controls without a mental disease Practice and current regulations. The trial is registered at ClinicalTrials.gov as NCT03275714.
Product
The 
Procedure
The procedure of the trial is shown in figure 2 . Participants use the app for sixth months after having been instructed to use their smartphone as usual. After one month, three months and sixth months, participants have a scheduled 
Safety protocol
In general, no risks or harm due to the use of the app are expected. All data is stored locally in the mobile phone.
During the visits, the data are transferred via USB to a computer in the study center, which is not useable for online working. Moreover, all further steps of anonymization, storage and analyses of the data go in line with good clinical practice. Due to individual and specific issues accompanying mental disorders, the individuals with BD might experience psychological distress or psychiatric symptoms during the trial participation. An opportunity to talk to a physician is provided during every planned visit. Psychopharmacological and psychotherapeutical treatment continues as usual.
Study hypotheses and aims
For the validation of the UP! app, the measurement accuracy of mood as well as sleep, movement and communication behavior are analyzed. Therefore, activity scores and scores for daily rhythms are calculated and compared with the validated questionnaires. Moreover, the fitness tracker data is a valid instrument of measuring activity patterns. Individual patterns of activity and sleep are generated. Changes in the patterns that could be markers for depressive or (hypo)manic episodes are calculated. Subsequently, the results are compared with the clinical interviews. Due to the long observation period of an individual patient, both daytime fluctuations and weekly rhythms can be detected in the mobility pattern. In case of deviations from 'normal' behavior of the individual person, a change in the disease pattern is assumed as an input hypothesis, which is confirmed or rejected by comparison with tracker data and the interviews.
Analysis
Data of all activities (physical activity, stationary activities, sleep behavior, social behavior, etc.) of the participants must be extracted from the raw data of the smartphone sensors. Activity patterns are determined by the app and plausibility is checked by means of descriptive and graphical statistical methods. Then patterns are validated on the basis of the survey data on individual days. Moreover they are evaluated by means of multivariate statistical methods. From app-and fitness tracker data the time spent sitting per day, as well as light, moderate and intense activity and total activity time (light to intensive) are calculated. To determine validity, Spearman correlation coefficients are calculated. Relations between app data and metric questionnaire data will be investigated by correlations analysis. Moreover, factor analysis and cluster procedures in order to evaluate significant influencing factors of the temporally layered activity behavior with the health data will be conducted. If mood changes present a predictor for activity patterms change will be testet by linear multiple regressions. The HC group is needed to recognize "normal" deviations in patterns such as holidays or being ill. Last, the acceptance of, satisfaction with and demand for that app will be evaluate with the feedback questionnaire of the participants.
Sample size
Main hypothesis (Validation of the app data) -correlation hypothesis: At least a moderate correlation is expected between the physical activity and sleep data by app and fitnesstracker (correlation coefficient ρ=0.5). Settings for the calculation using G*Power: were test family exact; correlation, bivariate model; a priori; computer required simple size: 5% alpha error level, 95% power, two-sided testing and expectation of a moderate correlation (ρ=0.5).
Calculation yielded a sample size of 46 people. Secondary Hypothesis (Can the mood be predicted by the motion and / or sleep data?) -Case number calculation for linear multiple regression: Two Predictors to be Tested ("Movement" and "Sleep Duration"); in total, four predictors are collected (for possible calculations or secondary hypotheses, "phone use" and "length of locations"; Criterion is the mood. Settings for G*Power: Test family: F-Tests; Fixed model, R^2 increase; a priori; computer required simple size: 5% alpha error level, 95% power, effects of 0.35 should be found. Calculation yielded a sample size of 48 people. For both hypotheses, 48 persons are sufficient according to number of cases calculation. Furthermore, 48 subjects to be tested (observed over a sixmonth period) appears to be a realistic number from a clinical perspective and experience.
Dissemination
Results of the trial will be disseminated for publication in peer-reviewed journals and key findings presented at national and international conferences. Moreover, results and conclusions will be included in public health work.
Discussion
If the app turns out to be a valid tool, it may represent a supportive health-promoting method in the treatment of BD.
One advantage for individuals with BD could be the confrontation with their behavior patterns. The early recognition of warning signs and symptoms could result in faster and more specific countermeasures. If socialsleep-and activity patterns are positively affected, the outcome will improve [23] . Furthermore, with the outcome of a favorable validation of the app, further research projects could be created on the basis of that, to investigate the individual behavioral patterns of the disease. E-health products in general and m-health products in particular could be useful in a variety of ways. Firstly, the tools are widely used in today's everyday life and thus would provide the affected individuals with easy access.
Secondly, by using their own internet access or mobile phone, individuals do not need to relay on medical appointments as much, thereby increasing their self-autonomy. Thirdly, e-health offers the possibility of minimizing outpatient waiting times and waiting times for appointments, thus increasing the quantity of care. A study found that individuals with mental illness who were treated by regular video conferencing of experienced psychotherapists were no less satisfied than individuals who had personal medical appointments [24] . Fourthly, even long distances can be overcome through the use of apps. This would have a positive impact on regions in which medical care is not readily available. Fifthly, it would also have positive effects on the environment by minimizing ways travel to and from the hospitals or doctor's office. Sixthly, by saving time and using existing structures, it is possible to conduct cheaper diagnostics and therapies, thereby reducing costs for the entire healthcare system. It was reported that in 2004 the cost to the healthcare system for only one year per individual with depression was € 4884 and € 7779 per individual with bipolar disorder [25] . In a study of Ly et al. [26] it was shown that nearly twice as many individuals suffering from depression could be treated with e-therapy and m-therapy than with face-to-face therapy. Seventhly, the stigma around mental illness could be reduced. Affected individuals are able to inform themselves anonymously on the Internet before consulting a professional. This will likely counteract stigma as arranging an appointment with a professional presents a psychological barrier for many people. In addition, self-help forums could potentially help reduce an individual's feeling of being alone with their illness. Eighthly, individuals with mental disorders have expressed a desire to use e-health products. A study group in the USA found, that 62.5 percent of 320 individuals with mental disorders had a smartphone and that the interest for utilizing it for symptom monitoring was measured at 70.6 percent [27] . Lastly, it would be an asset to medical research if individuals brought records of their symptoms to their treatment appointments. In the past, physicians and therapist have had to rely on subjective, retrospective information. It is obvious that e-health products cannot replace the current treatment, but it may be a good additional opportunity for clinical and research work. Up to date, there are just a few products validated scientifically. Therefore, one of the challenges of the future is to conduct more validation studies.
However, there are some similar products for smartphones for BD developed by European study groups. Up to now, there are a few study protocols of clinical validation and evaluation trials published, but final results and evidence for efficacy is rare [28] [29] [30] [31] .
Summary
Since early detection of depressive and manic episodes is a major challenge for individuals with BD, early treatment would have a positive effect on the course of the episodes. Warning-symptoms of affective episodes often manifest in changes in physical activity, communication behaviour and sleep-wake rhythm. Therefore, early detection of warning signs by detecting changes in behavioral patterns would be a useful tool in the treatment of BD. Up to now, there was a lack of precise measurability of physical activity, changes in mood and sleep behavior. A validated instrument providing such data objectively would be of great benefit to further research projects. Consequently, UP! was developed to record individual behaviour patterns on the basis of objective, continuous and individual data.
Outlook
The final product of UP! will allow users to see graphical feedback of their working time, physical activity, sleeping rhythms and mood. Even the visualization and knowledge of patterns has the potential of changing the mind set of users and encouraging "healthy behaviours" such as doing exercises consciously or take care about an awake-sleeprhythm. Moreover the users will be able to choose between typical warning signs of BD or even to enter their own experienced ones. If it turns out, that UP! is a valid measure, it will accurately recognize deviations of behaviour and interpret them as potential early warning symptoms. The product will then respond with feedback to the user by asking them for potential warning symptoms. Again, if individuals with BD become aware of possible illness signs, they can respond adequately. If individuals with BD were educated about their BD they will have a lot of opportunities to handle beginning symptoms and thus strengthening their self-autonomy. However, every user will get some psychoeducative suggestions. The aim of UP! is to increase the possibilities for self-management and selfefficacy and prevent relapses, severe episode courses and hospitalization.
Conclusion
Behavior patterns recognition (physical activity, sleep-wake-rhythm, digital communication) via smartphone could present an innovative, technical tool in the early detection of BD episodes and could moreover be used for long-term research. As the adherence of the principals of evidence based medicine is desirable, validation of products are necessary and important.
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